Warehousing and transferring strategies are an important part of business operations. The issue of optimal warehousing and transferring strategy is studied in this paper. Wal-Mart in Wuhan serves as an example to establish a (s, S) random storage strategy model, a Markov chain model, and a nonlinear discrete programming model, aiming at maximizing the profit per cycle of every branch and further maximizing the company's total profit per cycle. Among them, the random storage strategy model establishes a security zone of inventory for every branch, that is, it can meet consumers' demand without spending too much storage costs. The Markov chain model is used to get the probability of losing sales opportunities in every branch. The nonlinear discrete programming model takes into account the horizontal transferring among branches, which further maximizes the company's overall profit expectations. The three models above can be used to formulate inventory strategies, assess risks, and provide advice for every branch in order to form a complete storage ecosystem and provide constructive suggestions for the company's operations.
Introduction
With the continuous progress of society, the scale of some companies is gradually expanding. The inventory management capability of an enterprise is one of the major manifestations of its profitability. The improper management of a Applied Mathematics company's inventory can cause its profits to decline. In severe cases, supply-sales chains can even break. For large-scale enterprises, the storage level of their branches and the coordination of inventory among their branches are a very important issue [1] [2] [3] [4] .
At present, researchers have drawn some research results on the formulation of corporate goods inventory management strategies. For example, Singh [5] presented a conceptual methodology for inventory issue, forming a framework for companies to deal with inventory issues. Phouratsamay [6] studied the lot-sizing problem that occurs in a supply chain composed of a supplier and a retailer and found the problem is NP-hard when the inventory bounds are set on the supplier level. Archetti [7] integrated the inventory management problem with the pickup and delivery vehicle routing problems, showing the integrated policy cost much less than a non-integrated policy. Kong Shuxia [8] proposed the (s, S) random storage strategy to study the store purchase plans. Zhu Laihui [9] also adopted the (s, S) random storage strategy for the study of storage planning, but he studied special inventory like aviation ammunition.
The innovation of this paper lies in the combination of the (s, S) random storage strategy model with the Markov chain and the nonlinear discrete programming model. It not only helps carry out the inventory plan of a single branch, but also studies the entire company's inventory ecosystem. This provides a more constructive proposal for corporate decision makers.
Problem Analysis

1)
For every branch's storage plan, given that the demand for the product is random at each cycle, the assumption is that demand is subject to Poisson distribution. Storage costs and out-of-stock losses should be taken into account to achieve a balance of interests between the two. In addition, the lower limit and upper limit of inventory should be considered. Therefore, the (s, S) random storage strategy is adopted to establish the storage strategy of every branch.
2) For the evaluation of the stock-out risk of every branch, in order to determine the stock-out probability of each shop, a Markov chain model is proposed.
The inventory quantity at the beginning of each cycle of every branch is taken as the state variable. The distribution of demand and the state transfer matrix can also be list out according to the established storage strategy. Then the probability vector in steady state can be obtained. Finally, the full probability formula can be used to determine the probability of out-of-stock for every branch, that is, the probability of losing sales opportunities.
3) For the construction of the company's storage ecosystem, that is, the horizontal transfer plan among every branch, a discrete optimization model is established with the objective function of the total inventory cost and the out-of-stock loss cost after the entire store system is allowed to carry out horizontal transfer.
The objective function is minimized by solving the optimal call-out and call-in amount of every branch. Finally, the best transfer plan can be obtained.
The Mathematical Model
The Single-Branch Storage Strategy
Since the sales volume of the product in the store is random, the inventory of the product is checked at the end of each cycle so that the order plan for the next cycle can be formulated in time. In order to decrease the storage cost, the store's backlog of liquidity and the purchase at the end of the cycle should not be excessive, but it should not be too small, which will result in the shortage of goods in the next cycle and affect the turnover. In this case, the ordering strategy adopted in this paper is to formulate a lower bound s and an upper bound S. When the stock at the end of the period is not less than s, the order will not be placed; when the stock is less than s, the order will be placed, and the order quantity will make the next week's inventory amount reach S. This strategy is called (s, S) random storage strategy [8] . ( )
The parameter λ of the Poisson distribution is the average incidence of random events per unit time (or unit area).
Take Wuhan Zongguan Xihui Branch as an example, it is known that the purchase cost per batch is 100 yuan, the profit of each product is 700 yuan, and the storage fee for each item is 100 yuan. If there is an out-of-stock situation, the loss of each item will be 700 yuan. Set the demand for the product during a period as r, which can be regarded as a random variable, and meet the Poisson distribution of the parameter λ. Because the estimated average demand for the item in each sales cycle in Wuhan Zongguan Xihui Branch is 4.1, so the value of λ is set as 4.1.
Assuming that the end-of-cycle inventory is x, and the purchase volume is u, the inventory quantity at the beginning of the next cycle is x u + , and the storage amount in a sales cycle is x u r + − .
Assuming the expectation of a total profit for a sales cycle is J. Due to the fact that:
Total profit = total sales of goods − incoming goods − storage fees.
where ( ) L x is the expectation of cost of storing the product and the cost of missing goods in a sales cycle, and its expression is: 
To sum up, the expression of one cycle of total profit is:
The method is provided in this paper for solving the lower and upper bounds of the ordering strategy (again using Wuhan Zongguan Xihui Branch as an ex- 
Since r obeys the Poisson distribution with a parameter of 4.1 and p(r) is its density function, the Poisson distribution quintile of the above formula yields S = 6.
2) Solving the lower bound s
If the branch purchases the commodity, the total profit expression is:
where 6 S = and x is the current inventory quantity. If the branch chooses not to purchase the commodity, the total profit expression is:
, in order to achieve the maximum total profit, the branch should promptly report the number of orders. From the calculation by Mathematica, the result below is achieved: Therefore, for Wuhan Zongguan Xihui Branch, the following ordering strategy is established: At the end of each cycle, the inventories of commodity should be checked. When the inventories were less than or equal to 4, the number of orders should be reported in time and the stocks should be increased to 6. Through the method above, the ordering strategy of the product in every branch within the 3 rd ring road in Wuhan can be carried out similarly. See Table   1 for details.
Risk Assessment Model Based on Markov Chain
Based on the strategy, in order to obtain the probability of losing sales opportunities at every branch, a stock-out probability calculation method based on the Markov chain [10] is used, as follows.
The inventory per cycle of the commodity is in a random state. It is only related to the amount of inventory in the previous cycle and there is no aftereffect in this state. That is, the inventory amount per cycle can be described by the For the inventory condition of this product, the state transfer law is:
n n n n S r n r n S s S r n S s
where ( ) r n is the demand for this product for the n th cycle, which obeys the Poisson distribution with a parameter of 4.1, which is:
Its distribution is shown in Table 2 . 
The state transition probability is ( ) ( ), 5, 6 i n a n p S i i = = = . Then:
a n a n a n
Due to ( ) ( ) 1 a n a n p + = ⋅ , so:
1 0.0166 0.9834 0.0679 0.9321 1 a n a n a n a n
> , so p is a regular chain. There exists a unique limit state probability vector w. When n → +∞ , the state probability ( ) a n w → . w is the steady-state probability which satisfies wp w = .
When n → +∞ , 0.0646 0.9354 0.0646 0.9354 . So when n → +∞ , the state probability ( ) [ ] 0.0646, 0.9354 a n = .
Let the probability of losing sales opportunities in the n th cycle be 
where ( )
Therefore, the probability of losing sales opportunities in the ordering strategy of Wuhan Zongguan Xihui Branch is 12.85%.
Through the method above, the probability of losing the sales opportunity in the ordering strategy of the product in every branch can be obtained respectively, as shown in Table 3 .
Construction of the Company's Storage Ecosystem
In order to obtain the optimal transfer plan, a nonlinear discrete programming model is established.
Let y i be the stock amount of the i th branch at a certain time, Q i be the call-out amount or call-in amount of the i th branch at the time of transfer, and Q i should be taken as a positive value when called out, and it should be a negative value when called in. When the transfer is completed, the amount of inventory in every branch be- 
This is a nonlinear programming problem with general constraints. Since the second derivative of ( ) F Q exists and is greater than 0, it is obvious that the objective function is a continuously differentiable convex function, and the constraint condition is linear. Therefore, this problem is also a convex programming which has an optimal set { } If the constraints are not considered, the optimal solution of the objective function ( ) F Q can be obtained by differentiation: [11] . Let the first-order difference of ( )
It can be seen from the above formula that the value of the optimal solution to transfer the goods; otherwise, it means that every branch is out of stock and needs to replenish inventory from the manufacturer. Since the focus of this paper is the horizontal transfer strategy among branches, the premise is that the phenomenon of sufficient inventory and out-of-stock exists at the same time.
Therefore, for the value of i Q , the situation is not considered that the inventory of every branch is greater than or equal to 0 or all cases are less than or equal to 0. It is assumed that these two conditions coexist.
In order to obtain the optimal value of i Q , Lagrange multipliers , , α β γ are introduced: [11] ( ) ( ) ( ) ( ) Table 4 .
Take three branches as an example, the transfer relationship among the branches is shown in Figure 1 .
As is shown in Figure 1 , for the case of the 3 branches, the transfer relations are divided into two layers: the first layer is the manufacturer supplying to the branches, and the second layer is the three branches transferring mutually according to the inventory situation.
Based on the principle of proximity, with the map as a reference, the desired transfer plan is obtained:
The excess stock of Wuhan Zongguan Xihui Branch and Hanyang Zhongjiacun Branch should be transferred to Hanyang Branch; the excess inventory of Wuhan Xudong Street Branch should be transferred to Nanhu City Plaza Branch; the excess inventory of Lingjiao Lake Wanda Branch should be transferred to Wuhan Aoshan Branch.
The expected number of shipments is 4 and the expected commodity transfer cost is 400 yuan. Therefore, in the case of considering the transfer of goods among branches, the total cost is 2418.27 yuan.
If the transfer of goods among branches is banned, the expected total cost is: 
Therefore, the construction of transfer system helps increase the company's expectation of profits per cycle by 278.65 yuan.
Model Assessment and Verification
Model Test of Single-Branch Storage Strategy
The upper limit of every branch's inventory is 1 to 2 more than the estimated average demand. The lower bound of every branch inventory happens to be the rounding estimated average demand. Combining the result of risk assessment, every branch's purchasing strategy can suppress the probability of out-of-stock to be about 10%, and the probability of losing sales opportunities is small. Therefore, the storage strategy formulated in this paper is realistic and effective. 
Model Test of Risk Assessment Model
For every branch's stock-out probability, MATLAB is adopted to carry out the simulation. The simulation result shows that the stock-out probability is converging. Take Wuhan Zongguan Xihui Branch as an example, the stock-out probability of Wuhan Zongguan Xihui Branch is 12.85%. MATLAB is adopted to generate a sample from Poisson distribution with sample size n, and calculate the stock-out probability for n in the range of 1 to 2000. The stock-out probability figure is shown in Figure 2 .
From the figure above, when n is large enough, the stock-out probability converges to about 12.85%. Therefore, the stock-out probability obtained from the Markov chain model is reasonable.
Conclusions and Suggestions
For Wal-Mart's products of this kind, the expected number of transfer among the branches per cycle is 4 times, and the expectation of profit increase is 278.65
yuan, that is, profits increase by about 10%. The increase in profit is in line with the facts and the number of transfers is within a reasonable range. Therefore, the model is reasonable and feasible, and the model results have practical significance.
A new model for the storage problem of enterprises is proposed in this paper.
It comprehensively uses (s, S) random storage strategy, Markov chain and nonlinear discrete programming model to develop a complete storage system for the enterprise. From the model results above, it can be known that the whole system designed for the company performs well. The storage system has a good performance of extrapolation and is worthy of promotion. It can bring considerable benefits to more companies.
